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negatively on the biodiversity elements conserved. It may be
appropriate to use some land to swop for areas with higher priority
in terms of biodiversity and ecological infrastructure. In view of the
implications of climate change, it will be wise to consolidate land and
to provide corridors where possible. Catchments of major dams
should be managed to optimise water quality and sustained run off
and provide opportunities for biodiversity conservation. Land that
supports under-protected biodiversity elements should be acquired or
secured. Various kinds of partnerships should be explored, especially
where geographically appropriate or where land that is particularly
valuable from a biodiversity perspective is privately owned. Rarity
and sustaining populations of large mammals like elephant, rhino
and lions, should be considered as well as threat status. Desired
conservation targets as deﬁned in international agreements and
conventions must also be taken into account. In Mpumalanga,
provincial protected area targets as well as biodiversity targets
indicate that more land needs to be protected. Land should be
classiﬁed according to its value for biodiversity conservation, envi-
ronmental education, water catchment, carbon sequestration and
tourism potential - some land may be held speciﬁcally to generate
revenue in order to cross-subsidise areas with high biodiversity value.
doi:10.1016/j.sajb.2013.02.110
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Frithia humilis is an endangered succulent threatened by coalmining
in the Mpumalanga grasslands. This endemic species is an edaphic
specialist, preferring sandstone outcrops of the Ecca and Dwyka Groups
(Karoo Supergroup). One severely threatened population was trans-
located to three geologically distinct habitats, only one of which
corresponds to the origin. A monitoring programme was launched in
2010 to track the post-translocation progress of the populations, aswell
as to assess the viability of translocation to atypical geologies. Although
translocation success can generally only be gauged after decades of
monitoring, this study aimed to monitor the initial response of the
translocated population to different habitats, by measuring ‘vital signs’:
survival, individual plant growth and fecundity. Population age
structure and ﬂowering was measured, and censuses were conducted
biannually, with demographic data gathered per 1 m2 according to
relative age (number of leaves per plant) and ﬂower production. Age
structure of the translocated populations was compared to trends
observed in a natural, benchmark population. Repeated Measures
Analysis of Variance (ANOVA) was applied to determine signiﬁcant
variance in age structure and ﬂowering between populations. The two
populations that were translocated to foreign geologies showed a 30-
45% decline of individuals over time, indicating population deteriora-
tion. The population on Ecca and Dwyka geologies is expanding:
population growth was 13.47% over three years. Flowering in all
translocated populations had increased signiﬁcantly over time, boosting
reproductive potential. As one of the ﬁrst translocation projects of its
kind in South Africa, these early responses of populations to different
geologies can inform the potential of future efforts to relocate edaphic
specialists of the Mesembryanthemaceae.
doi:10.1016/j.sajb.2013.02.111
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The enigmatic root-holoparasitic genus Cytinus occurs in the
Mediterranean (2 monoecious species), South Africa (3 dioecious
species), and Madagascar (1 dioecious species). Pollination by insects
has been documented in the Mediterranean C. hypocistis, and by
rodents and elephant shrews in the recently described South African
species C. visseri, which is found in the grasslands of the Mpumalan-
ga province. Flowers of the Western Cape species Cytinus sanguineus
appear adapted to bird pollination as they are bright scarlet,
scentless, and produce copious nectar in open, easily accessible
ﬂowers. By contrast, ﬂowers of the other Cape species, Cytinus
capensis, are dark maroon and remain tightly closed throughout their
life. The discovery of a large population of plants tentatively
identiﬁed as C. capensis despite this population's occurrence outside
the known distribution range of this species, the Cape Peninsula,
enabled us to carry out detailed pollination studies. Motion-sensor
camera recordings revealed visitation exclusively by nocturnal
rodents, which are attracted by the strong, vanilla-like scent of
ﬂowers and feed on nectar. Rodents access the copious nectar by
pushing down individual petals along pre-formed hinges, and
transfer pollen on the fur around their snouts. Insects do not visit
the ﬂowers. We compare aspects of the reproductive biology of this
Cytinus species with others in the genus.
doi:10.1016/j.sajb.2013.02.112
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In the tropics, some plants known as ant-plants have tight
mutualistic relationships with ants. These plants offer food, such as
extraﬂoral nectar and food-bodies, for symbiotic ants. In turn, the ants
protect the plants by excluding herbivores. On ﬂowers, however, the
plants often face a conﬂict when ants exclude not only herbivores but
also pollinators. In this study, we investigated how this conﬂict is
addressed in the genus Macaranga (Euphorbiaceae). Macaranga
includes approximately 30 ant-plant species that are inhabited by
species-speciﬁc Crematogaster ants. They are pollinated by thrips
Dolichothrips spp., tiny insects that are 2–3 mm in length. The thrips
feed on nectaries on bracteoles and breed on the inﬂorescences of
Macaranga. To investigate whether the ants deter pollination, we
excluded ants from inﬂorescences and compared the number of thrips
to control inﬂorescences. The number of thrips did not differ between
ant-excluded and control inﬂorescences. We observed pollinator
thrips secreting liquid from their anus and conducted bioassays to
determine if chemical substances secreted by pollinator thrips
function as ant repellents. Ants were brought into contact with
individual thrips or 5 mm Teﬂon rods on which hexane (control),
thrip anal secretions, or decanoic acid (a chemical found in the
secretions) were applied. Ants were deterred more often by thrips
than from controls, especially when the thrips raised their abdomens.
The ants also retreated more often from thrip secretions and decanoic
acid than from the controls. These results suggest that the plants avoid
pollination deterrence by ants by being pollinated by ant-repelling
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pollinators. This pollination system might contribute to the mainte-
nance of obligate protective mutualism with ants in this genus.
doi:10.1016/j.sajb.2013.02.113
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Nonﬂying mammals, particularly rodents, have long been con-
sidered important pollinators for many Proteaceae species in South
Africa. However, rodent pollination remains unexplored in the genus
Leucospermum. We focused on Leucospermum arenarium, an endan-
gered, semi-geoﬂorous Sandveld shrub which until now was thought
to be insect pollinated. In this study we aimed to: (1) determine the
role of rodents as pollinators; (2) explore the impact of grooming on
pollen transfer efﬁciency; (3) describe the suite of ﬂoral traits
associated with the evolution of rodent pollination; (4) test the
adaptive signiﬁcance of geoﬂory. Pollen swabs and fecal samples
from captured rodents revealed that Hairy-footed Gerbils Gerbillurus
paeba carried large pollen loads of L. arenarium. However, their
efﬁciency as pollinators is strongly impacted by grooming as shown
by experiments with captive rodents indicating that pollen deposi-
tion decreased exponentially as grooming time increases. This
represents the ﬁrst ever empirical study on the effects of pollinator
grooming on pollen loss despite the fact that nearly all pollinators
exhibit some form of grooming. Additionally, we have found
evidence that ﬂoral nectaries have evolutionarily migrated from the
base of the nectar tube (where they are located in other
Leucospermum species) to the tips of the petals where the nectar is
held in an external cup-structure formed by post-anthesis perianth
segments, a unique adaptation for rodent pollination in the genus.
Inﬂorescences were also subjected to three treatments in the ﬁeld:
(1) exclusion of all pollinators to test for autonomous self-
pollination; (2) exclusion of rodents and other large pollinators;
and (3) inﬂorescences raised above ground level to test the effect of
geoﬂory. Results from these experiments and the controls will soon
be available. In all, this study provides an in-depth look into an
extremely specialized pollination syndrome as well as a general
analysis of traits that promote rodent pollination.
doi:10.1016/j.sajb.2013.02.114
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The diversiﬁcation of angiosperm ﬂowers has often been attributed
to pollinator-mediated selection. Evidence for this is provided by the
observation that 1) suites of ﬂoral traits co-vary with functional
pollinator groups, and 2) shifts in pollinators and ﬂoral traits are
correlated throughout the evolutionary history of many angiosperm
clades. While this has been established for ﬂoral traits that can be
readily measured, such as ﬂoral rewards and trait dimensions,
phylogenetic analyses of ﬂoral scent in combination with pollinator
data are lacking. This is surprising, given that scent plays a central role in
pollinator attraction, and is thus likely to undergo strong pollinator-
mediated selection. GC-MS analyses of scent blends of 35 species of the
orchid genus Satyrium revealed a total of 288 different scent
compounds produced. The majority of these were only found in one
or few species. Themost common compoundwas beta-Linalool, both in
terms of relative composition and absolute emission. Scent varied
according to both phylogenetic relationships and functional pollinator
group. The evolution of bird pollination was repeatedly associated with
a strong reduction in the number of scent compounds and emission
rates. Species pollinated by moths produced the largest number of
compounds and were characterized by the strongest emission rates.
Moth-pollinated species varied in terms of the dominant scent
compounds, with the majority of species either dominated by beta-
Linalool, or by the relatively unknownmethyl-nicotinate. The evolution
of moth-pollination did not follow a predictable trajectory in terms of
scent evolution. We conclude that, like other ﬂoral traits, broad
similarity in ﬂoral bouquet co-varies with pollination systems. Howev-
er, convergent adaptation to a functional pollinator group does not
always coincide with convergent evolution of speciﬁc scent com-
pounds. This may indicate either undetected hyper-specialization
within functional pollinator groups, or adaptation to the same
functional pollinator group via different adaptive pathways.
doi:10.1016/j.sajb.2013.02.115
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Stapeliads (subfamily Asclepiadoideae, family Apocynaceae) are a
group of plants that mimic the scent of carrion, dung or urine, by
emitting volatile compounds such as dimethyl disulﬁde, dimethyl
trisulﬁde, indole and p-cresol, thereby falsely signalling the presence
of food and brood sites as well as a place to ﬁnd a mate, in order to
attract carrion ﬂies as pollinators. These basic odours vary vastly due
to subtle changes in chemical composition or concentration contrib-
uting to the olfactory uniqueness of each species. Apart from this
bizarre feature, stapeliads have unique visual cues in terms of colour,
pattern and shape. While some work has been done on the chemical
composition of scent emitted by stapeliads, there has been limited
research into the effectiveness of scent and visual cues in attraction
of the pollinators of these plants. Using model ﬂowers to which scent
compounds were added, I found that colour and pattern had little
effect on attraction of carrion ﬂies. However, carrion ﬂies were found
to prefer star-shaped ﬂower models to disc-shaped ones. In terms of
olfactory cues, on the whole, dimethyl disulﬁde and dimethyl
trisulﬁde together were found to be more attractive to carrion ﬂies
than indole or p-cresol. These results highlight the importance of
emission of oligosulphides and ﬂoral shape for attraction of carrion
ﬂy pollinators to stapeliad ﬂowers.
doi:10.1016/j.sajb.2013.02.116
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